Measurement of the self coupling of 125 GeV Higgs boson is one of the most crucial task for high luminosity run of the LHC and it can only be measured in the di-Higgs final state. In the minimal supersymmetric standard model, heavy CP even Higgs (H) can decay into lighter 125
I. INTRODUCTION
One of the long standing problems of the particle physics is the origin of mass of fundamental particles. In the standard model (SM), a scalar doublet is introduced, neutral component (called Higgs boson) of which spontaneously breaks the electroweak symmetry by acquiring the non-zero vacuum expectation value (vev) and consequently generates masses for all SM particles. The mass of the Higgs boson is a free parameter in the SM and it is determined by the vev of the Higgs field and Higgs quartic self coupling (λ). A new boson with mass about 125-126 GeV has been recently observed by ATLAS [1] and CMS [2] collaborations of Large Hadron Collider (LHC) experiment which may be the sole missing piece of the SM, i.e., the Higgs boson. The next crucial step is to measure the properties of the newly discovered boson and establish the connection between this particle and the electroweak symmetry breaking mechanism. The measured couplings of the new boson with fermions and gauge bosons are found to be quite compatible with those of the SM Higgs boson [3, 4] and more accurate measurement will be performed in near future at the 13/14 TeV LHC [5] . In order to reconstruct the full profile of the Higgs boson, we also need to measure the Higgs self coupling along with other couplings. In the framework of SM, it is possible to determine Higgs self-coupling λ from the accurate measurement of Higgs mass and vev of the Higgs field. However, we should note that this type of estimation is indirect in nature and independent confirmation is indeed required to prove the existence of SM Higgs boson. The direct way to determine the coupling λ is to produce three Higgs bosons through Higgs boson quartic coupling λ in collider experiments. However, triple Higgs boson production cross section is too small to observe at the LHC even with very high luminosity and therefore the only probe is to observe di-Higgs production via Higgs trilinear coupling. Higgs trilinear coupling is generated by the electroweak symmetry breaking and it is proportional to λ and vev of the Higgs field. It is thus possible to measure the Higgs quartic self coupling λ from the di-Higgs production cross section in the SM [6] [7] [8] . The Higgs pair production cross section in SM is also small (a few tens of fb at the 14 TeV LHC) and it is accessible at the very high luminosity LHC, called HL-LHC.
In 2015, LHC will start to operate at 13/14 TeV center of mass energy and after 2018 it is expected that LHC will be upgraded for high luminosity operation. At HL-LHC, prospect of SM Higgs self-coupling measurement has been studied extensively in Ref [9] [10] [11] [12] [13] [14] [15] show that bbγγ channel is the most promising one [10, 12] . A recent study [5] by ATLAS Collaboration has also confirmed the importance of bbγγ channel for the measurement of SM Higgs self-coupling. 
II. MSSM H PRODUCTION AND ITS DECAY TO 125 GEV HIGGS
The couplings of the MSSM Higgs bosons are determined by two parameters: α and β defined in the introduction. The couplings of gauge bosons with h and H are proportional to sin(β − α) and cos(β − α) respectively. As the experimental data shows that the observed Higgs boson, which is assumed to be h, couples to W/Z gauge boson similar to SM Higgs, sin(β − α) should be close to unity in order to satisfy the above mentioned constraint. In our work we simply assume sin(β − α)=1 which means that h couples to fermions and gauge Here, we are interested to study the effect of heavy MSSM Higgs H production which decays into a pair of h. In MSSM this decay mode is particularly important in the mass window 250 GeV < M H < 400 GeV for low value of tan β. Above M H > 350 GeV, its decay to top quark opens up and eventually becomes the dominant one. To illustrate this point, we present the plot for branching ratio of H for two values of tan β = 3, and 5 in to tt is important when it is kinematically allowed, but for large tan β, BR(H → bb) always dominates (for example, BR(H → bb) varies between 70 to 90 % for tan β=10). In Table I we present a few benchmark points with different M H values and their branching ratios (Br(H → hh)) for tan β =2, 3 and 5 respectively. is calculated for different values of tan β assuming β − α = π/2 with M h = 125 GeV.
Production cross-section of H depends on tan β through heavy quark couplings. The dominant contribution to single H production mainly comes from gluon-gluon fusion although, for large or moderate tan β, the bottom quark annihilation to H (bb → H) cross section can be substantial. We compute the NNLO cross-section of single H production coming from gluon fusion and bottom-quark annihilation using SusHi (version 1.3.0) [21] with MSTW 2008 (NNLO) PDF [22] . The single production cross section of H can be much larger than SM hh production, for example, σ(gg + bb → H) is 1635 f b for M H = 300 GeV with tan β = 3. For the same H mass, this cross section reduces to 1371 f b for tan β = 5. The total cross section σ(gg + bb → H) for different benchmark points are presented in Table I .
Before closing this section, we are interested to point out that the low tan β region in the MSSM is not well favoured due to the fact that in this region of the parameter space, it is very difficult to raise the lighter Higgs mass to ∼ 125 GeV assuming low supersymmetry 
III. ANALYSIS AND RESULTS
At the leading order, SM Higgs pair production occurs either through gluon fusion to aging at the HL-LHC. So far, the most promising channel to observe di-Higgs production is bbγγ final state, although the branching to this particular channel is very small (about 0.27 %). Observation of this channel is possible due to the high identification efficiency as well as excellent energy measurement of photons so that Higgs candidate in the di-photon invariant mass distribution can be easily separated from the background. The ATLAS collaboration has performed a detailed analysis [5] in this channel closely following the Ref. [10] and according to their estimation di-Higgs (hh) production signal can be observed at ∼ 3σ level at the HL-LHC. In this work we only focus on the most promising final state, i.e., bbγγ channel.
By comparing cross sections of single H production (see Table I ) and direct pair production of h, we can see that single H cross section can be up to two orders in magnitude following the ATLAS analysis [5] , are discussed below. where M bb and M γγ are the invariant masses of bb and di-photon respectively. Finally, a lepton veto is also applied. After imposing the above cuts we obtain approximately 13.5
SM hh events at the 14 TeV LHC with integrated luminosity L = 3000 f b −1 which is fairly consistent with the ATLAS result [5] . On the other hand, the same cuts select 161, 410
and 9 events for BP 1, BP 2, BP 3 respectively with the same luminosity. We find that the MSSM single H production can change the di-Higgs production cross section and this effect 1 All these benchmark points are well below the current LHC bound on heavy Higgs [26, 27] . 2 NNLO cross section for BP 3 is 0.404 pb and Br(H → hh) is 5 %. 3 Jets are reconstructed with anti-k t algorithm with R = 0.4. 8 is significant in the H mass range 250-600 GeV in the low tan β region.
Counting of the number of bbγγ events in all these benchmark points shows moderate to huge excess over SM cross section, although it is not possible to identify the origin of the excess from this counting itself. It is therefore important to separate out the direct hh cross section from the MSSM heavy Higgs contribution. As the decay width of H is small (at most a few GeV), one may try to separate out the direct hh events from the MSSM H events by identifying it in the bbγγ invariant mass (M hh ) distribution [16, 17] . In Fig.2 we present the invariant mass distribution of reconstructed hh pair of SM events and SUSY events for three benchmark points. We can identify the clear peaks of heavy
Higgs for BP 1 and BP 2. We can see that the hh invariant mass distribution spreads over 100-150 GeV range, although, the H decay width is small (about a few GeV). This Scenario B: In this case SUSY contribution is also large (for example, see BP 2) although invariant mass cut may not help us to separate out these two contributions. The position of the H peak is such that the events coming from the direct hh production also large around M H . In case of BP 2, there are 408 events (total events = 410) in the region 250 GeV < M hh < 400 GeV and if we reject events of these bins, the SM hh events reduces to 7 from 13.5. One possibility to separate these two contributions is to fit the H peak and continuum hh events simultaneously. However, the number of direct hh events may not be statistically sufficient for this procedure. However, we can clearly identify existence of H from this measurement.
Scenario C: SUSY contribution is comparable or slightly smaller than SM in this case (for example, see BP 3). Identification of clear reconstructed peak of H is difficult because of the poor statistics. The slight excess which comes from H, can be manifested as an enhancement of h self coupling. However many different new physics models can give rise to enhancement of h self-coupling and it is thus difficult to identify the presence of heavy Higgs in this scenario. Invariant mass cut also do not help to identify the MSSM contribution in this case. For example, a cut 300 GeV< M hh < 500 GeV can remove 8 events of BP 3 while it also removes 9 direct hh events. This should be regarded as the most challenging scenario in the context of the measurement of h self coupling.
IV. DISCUSSIONS
In this paper we have studied how the decay of heavy MSSM Higgs can contribute the measurement of self coupling of lighter Higgs boson. The branching ratio H → hh can be sizeable in the low tan β region and it can affect the direct hh signal if the mass of the H lies in between 250-600 GeV. Depending on the parameter space, MSSM signal can be very large compared to direct hh production and in that case, clear identification of heavy Higgs boson is possible. However, we have identified a region in the parameter space corresponding to M H = 400 − 600 GeV with low tan β where the MSSM contribution is small but non-negligible. In such scenarios, the identification of H is difficult and an excess in cross sections may be explained in terms of enhancement of h self coupling. This should be regarded as the most challenging scenario and further studies are required in this direction.
Before concluding we are interested to point out a few relevant issues:
• In our work we rely on the default smearing parameters implemented in Delphes3.
However, in case of HL-LHC, there can be some changes in the LHC detector design and one may expect more smearing effect compared to conventional case. To check the effect of smearing we increase the default ATLAS smearing parameters of ECAL and HCAL by a factor of 25% and study its effect. We find that our result is almost unaffected under this change.
• One may think of discovering heavy Higgs bosons in different channel, for example tt final state which is the dominant decay mode for M H > 350 GeV. However, in that case, the main background is SM top quark production. Assuming that the reconstructed heavy Higgs mass may lie within 100 GeV mass range, our naive estimation shows that the ratio of SM tt background and signal can be as large as 100-1000 at the parton level, which makes it hard to detect in this mass range and it requires a dedicated study. It is also important to identify the other Higgs bosons A and H ± in this mass range and jet substructure technique can be useful in this purpose [33] .
• In this paper we present our result assuming β −α = π/2 which forces the lighter Higgs boson to couple to fermions and gauge bosons exactly like SM Higgs boson. However, current bound allows some amount of deviations from SM couplings. Depending on the parameter space, cos(β − α) can have small non zero value which opens up several potentially observable decay modes [34, 35] . The detailed study is beyond the scope of this paper and this issue will be considered in a separate work [33] .
